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Abstract. We give a brief review of recent developments in non-supersymmetric models for elec- 
troweak symmetry breaking, including little Higgs, composite Higgs and Higgsless theories. The 
new ideas such as extra dimensions, AdS/CFT correspondence, dimension-deconstruction, and col- 
lective symmetry breaking provide us new tools to construct new models. They also allow some 
old ideas to be revived and implemented in these new models. 
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1 Introduction 

The mechanism of electroweak symmetry breaking is 
currently one of the most prominent question in par- 
ticle physics. In Standard Model (SM), electroweak 
symmetry is broken by a nonzero vacuum expectation 
value (vev) of a scalar Higgs field. There is an asso- 
ciated particle, the Higgs boson, which is responsible 
for unitarizing the longitudinal WW scattering in the 
Higgs mechanism. The Higgs boson is the only missing 
piece in the Standard Model and the most hunted par- 
ticle experimentally. However, a scalar field in general 
receives large quadratically divergent contributions to 
its mass-squared from its interactions and hence suf- 
fers from the hierarchy or naturalness problem: why 
is the Higgs mass and the scale of electroweak break- 
ing so small compared with other fundamental scales 
such as the Planck scale or the grand unification scale? 
Because of the hierarchy problem, it is generally be- 
lieved that there will be additional new physics at the 
electroweak scale which accompanies or replaces the 
Higgs field. The possible new physics will be tested at 
the Large Hadron Collider (LHC) which starts run- 
ning in 2008. With a center of mass energy of 14 TeV, 
LHC is expected to have the ability to explore the TeV 
scale physics and address the question of electroweak 
symmetry breaking. However, the processes and the 
detections of new physics at the LHC experiments are 
very complex. We need to be ready for any possibility 
and know what we are looking for in order for the LHC 
to reach its ultimate discovering potential. 

Supcrsymmctry (SUSY) has been the leading can- 
didate for physics beyond the Standard Model and its 
experimental signatures have been extensively studied. 
However, there are also other well-motivated scenarios 
for TeV scale physics besides SUSY. In fact, there have 
been a lot of progresses in alternative theories in re- 
cent years based on new ideas such as (flat or warped) 
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extra dimensions, collective symmetry breaking and 
AdS/CFT correspondence [TPIS^ . They allow us 
to construct new models or revive old ideas, calcu- 
late or estimate theoretical predictions, and find new 
ways to satisfy experimental constraints. The purpose 
of this talk is to give a brief review of the alterna- 
tive scenarios to SUSY, with emphasis on new devel- 
opments in recent years. 

There are many challenges to face for any alter- 
native theory at the TeV scale. As many alternative 
theories are based on strong dynamics, there are ques- 
tions on theoretical consistency and predictivity: how 
can we have theoretical control of the strong dynamics 
and how can we make predictions with any confidence? 
On the experimental side, though the reach of the di- 
rect search for new physics at the TeV scale is still 
quite limited, there are strong electroweak precision 
constraints from LEP, SLC, Tevatron, and other low 
energy experiments. Currently there is no significant 
deviation observed in comparison with the SM predic- 
tions. An important criterion in building new models 
at the TeV scale is to avoid large corrections to the 
electroweak observables in order to satisfy the experi- 
mental constraints. 

There are too many models on the market and it 
is impossible to cover all of them. Many very different 
looking models in fact share similar ideas and can have 
similar phenomenology. I will divide these alternative 
models into the following broad categories: 

— (Naturally) light Higgs: A naturally light Higgs can 
arise because its mass is protected by a shift sym- 
metry. Examples are Higgs as a pseudo-Nambu- 
Goldstone boson (PNGB) or the extra component 
of a gauge field (A 5 ) in theories with extra dimen- 
sions. 

— Heavy Higgs: Higgs arises as a composite field, but 
there is no extra symmetry to protect its mass. In 
this category, Higgs is expected to be heavy and 
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close to the compositeness scale without fine tun- spontaneously broken global symmetry (G — ► H). In 

ing. addition, it has the special property of collective sym- 

— No Higgs: There is no physical Higgs boson. The metry breaking. The global symmetry is explicitly bro- 

strong Wl Wl scattering is unitarized by some other ken by 2 sets of interactions, with each set preserving 

states, e.g., techni-rhos in technicolor models and a subset of the symmetry, 
Kaluza-Klein (KK) gauge bosons in Higgsless Mod- 
els. C = C + AiA + X 2 C 2 , (1) 



Such a division is somewhat artificial because the 
model space is really continuous (Fig. [1]). There are 
models which interpolate among these categories. Dif- 
ferent models often share some similar features and 
face similar challenges. It is therefore desirable to have 
some uniform way to describe these models and their 
experimental signatures. To fully distinguish various 
models may require experimental information at very 
high energies, beyond the reach of the LHC. 



Randall-Sundrum I 



Holographic 




where Cq is the symmetric part of the Lagrangian 
and C\ and C 2 are explicit symmetry-breaking terms. 
Higgs field is an exact Nambu-Goldstone boson when 
either set of couplings vanish, so a Higgs mass can only 
be generated in the presence of both sets of couplings. 
In this way, Higgs mass-squared are suppressed by two 
loops relative to the cutoff, which allows us to push the 
cutoff to ~ 10 TeV while keeping the Higgs light, 

'"■"'-(isOGsO*- (2) 

The one-loop quadratic divergences to the Higgs mass- 
squared from the SM particles are cancelled by new 
particles which are partners of the SM top quark, gauge 
bosons and Higgs (Fig. HJ. Unlike SUSY, these new 
particles have the same spins as the SM particles, and 
the relationship of the couplings are dictated by the 
non-linear realized global symmetry. 



Fig. 1. The model space of alternative theories 



2 Light Higgs Scenario 

The idea that a light Higgs can be a PNGB or A$ 
has been around for a long time 6,7,8,9,10. Recent 
new ideas like dimension-deconstruction and collective 
symmetry breaking have allowed us to build more re- 
alistic models. They include 

— Little Higgs models, 

— Gauge-Higgs unification based on flat or warped 
extra dimensions, 

— Twin Higgs models. 

The twin Higgs models involve a hidden or mirror sec- 
tor which only couples to the Standard Model through 
the Higgs. Their phenomenology can be quite challeng- 
ing. They are very different from the other models and 
it's difficult to describe them together with the other 
models in a uniform way. In the following I will focus 
my talk on the other models. However, the twin Higgs 
models are an interesting class of models and I refer 
the interested readers to the original literature [Ll | I12 1 

eng. 



2.1 Little Higgs Theories 

Little Higgs theories are a new type of theories which 
can stabilize the electroweak scale naturally [T4 l [T5 l fT6] . 
In little Higgs theories, Higgs fiels is a PNGB of some 
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Fig. 2. The cancellation of one-loop quadratic divergences, 
the SM interactions are shown on the left side and the new 
particle interactions are on the right side. 



There are many different little Higgs models based 
on various global symmetries, the gauged subgroups, 
and their breaking patterns. The breaking pattern can 
be summarized by Fig. [3l 

Different types of models can be categorized based 
on if G and F are simple or product groups. Some 
representative models are 



SU(3) 2 /SU(3), F 
SU{5)/SO(5), F 



- Minimal moose [15] : G/H 
\SU{2) x U{1)] 2 . 

- Littlest Higgs [H]: G/H = 
[SU(2) x U(l)} 2 . 

- Simple group little Higgs [17]: G/H = [SU{3)/SU{2)} 2 , 
F = SU(3)[xU(l)]. 

They all have somewhat different particle contents and 
spectra, but the generic spectrum for a little Higgs 
theory looks as follows. At 100 — 300 GeV we have 
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Fig. 3. A global symmetry G is spontaneously broken 
down to a subgroup H . A subgroup F of G is gauged and it 
is broken down to the intersection of F and H , I = FC\H, 
which is identified as the SM electroweak gauge symmetry. 
The number of uneaten PNGBs is given by the number of 
generators of (N(G) - N{H)) - (N(F) - N(I)). They are 
identified as the Higgs. 



the Standard Model with one or two Higgs doublets. 
At ~ 1 TcV which corresponds to the global symme- 
try breaking scale, /, there are new fermions (partners 
of the top quark), gauge bosons (partners of the SM 
gauge bosons), and scalars (partners of the Higgs). The 
cutoff of the effective theory is at A ~ 4irf ~ 10 TeV 
where additional new physics will come in. 

A major motivation behind the delicate construc- 
tion of the little Higgs model is the current strong con- 
straints from the electroweak precision data. At ener- 
gies below the scale of the new physics, the effects of 
the new physics can be represented by some higher 
dimensional operators. So far there is no significant 
deviations from the SM predictions in the electroweak 
precision measurements, which puts strong bounds on 
the sizes of these higher dimensional operators. Many 
of them need to be suppressed by a scale of 10 TeV 
or higher [15] . As a result, any new physics at TeV 
scale has to pass the test of electroweak constraints 
by not generating large effects in the electroweak ob- 
servables. The strongest constraints often come from 
the Peskin-Takeuchi S and T parameters [T91120]. 4- 
fermion interactions, and Z — > bb vertex corrections 

As the cutoff is pushed up to the 10 TeV scale, 
the contributions from the cutoff physics to the elec- 
troweak observables are mostly safe. However, the new 
particles at the 1 TeV scale may still induce large cor- 
rections to the electroweak observables. The contribu- 
tions to the T (or p) parameter can be suppressed by a 
custodial SU (2) symmetry, hence the models based on 
SO(5) is favored over SU(3). On the other hand, the 
TeV scale particles often gives large contributions to 
the S parameter and 4-fermion interactions in generic 
little Higgs models. As a result, electroweak constraints 
generally require the symmetry breaking scale / to be 
larger than a few TeV, which would re-introduce the 
fine-tuning problem [21]|2^P5P41[231[2'dTI27P5] . 

One way to avoid the electroweak precision con- 
straints is to reduce the couplings between the SM 
fermions and the TeV scale particles. In particular, 
one can introduce a new symmetry (T-parity) into the 
little Higgs theories [2511501151] . Under the T-parity, all 
SM fields are even and most of the new particles at 
the 1 TeV scale (those would induce large corrections 
to electroweak observables) are odd. The T-odd parti- 
cles have to appear at least in pair in any interactions. 



As a result, there cannot be any contribution to the 
electroweak observables by exchanging the new parti- 
cles at the tree level. The leading contributions will be 
loop suppressed and hence safe from the precision con- 
straints. The T-parity can be imposed in many little 
Higgs models based on symmetric spacesEI 

The introduction of T-parity has dramatic phe- 
nomenological consequences in addition to curing the 
fine-tuning problem of the little Higgs theories. First, 
the lightest T-odd particle is stable, and can be a good 
dark matter candidate if it is neutral. Second, the T- 
odd particles need to be paired produced at the col- 
liders and therefore the search strategies are complete 
different from the case without T-parity. After pro- 
duced, the T-odd particles cascade decay down to the 
lightest T-odd state which escape the detector if it is 
neutral. Typical collider signals will be jets/leptons + 
missing energy, similar to SUSY with a conserved im- 
parity. 



2.2 Gauge-Higgs Unification 



One way to protect the squared mass of a scalar field 
from quadratic divergence is to identify the scalar as 
the extra components of some gauge field in extra di- 
mensions. Then the scalar mass is protected by the 
gauge symmetry in extra dimensions, and only receives 
a finite contribution when the extra dimensions are 
compactified. This idea has also been around for a 
long time but only receives a lot of attention and ex- 
tensive studies recently [33ll34ll35p6ll37ll38l^^ 
To get the quantum number of the Higgs doublet, one 
can consider either an SU (3) bulk gauge group bro- 
ken down to SU(2)(xU(l)) by boundary conditions, 
or SO(5) broken down to 50(4). The Higgs is associ- 
ated with the broken generators. Phenomenologically 
the latter is favored because it contains the custodial 
SU(2) symmetry which protects the p parameter. 

The extra dimensions can be either flat or warped. 
In the case of warped extra dimensions, the model 
has a dual description that Higgs arises as the PNGB 
of a spontaneously broken global symmetry of some 
strongly coupled conformal field theory (CFT) [42U43] . 

Although gauge-Higgs unification seems to involve 
very different theoretical constructions from the little 
Higgs models. They share some similar features. The 
Higgs mass is protected by a shift symmetry and they 
are often based on the same group structure. In fact, 
their low energy phenomenologies can be quite similar 
too and there can be a unified approach to study them, 
which will be discussed in the next subsection. 



Recently there is a paper discussing the possibility that 
T-parity is broken by the Wess-Zumino term [32]. However, 
this is a UV completion question. It is not difficult to con- 
struct models in which the T-parity is an exact symmetry 
in the UV theory, then it will not be violated by the Wess- 
Zumino term. 
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2.3 Little M-theory 

As we discussed in the previous sections, there are 
many different little Higgs models as well as models 
based on extra dimensions such as the gauge-Higgs 
unification models. The vast amount of possibilities 
introduces a practical problem: which models deserve 
more detailed studies and can they well represent the 
class of models to which they belong? 

In fact, many of these new models have similar new 
particles (new quarks, new spin-1 bosons). It is desir- 
able if there is a unified approach for the LHC studies, 
and in particular, if there are models that can inter- 
polate among various models and cover most of the 
features of the non-SUSY theories. Indeed, this is pos- 
sible because most of the non-SUSY models can be well 
represented or approximated by some moose diagrams 
at low energies. For example, a gauge field propagating 
in extra dimensions can be deconstructed into a series 
of four-dimensional gauge groups broken down to the 
diagonal group [44,45 . This works for both flat and 
curved extra dimensions as the warp factor can easily 
be represented by different Goldstone decay constants 
of the link fields ggHUHHJ. 

For little Higgs theories, some models are also based 
on moose diagrams, e.g., minimal moose model. On 
the other hand, there are also models containing sim- 
ple global or gauged groups such as the littlest Higgs 
and simple group little Higgs models. At the first sight, 
they are not described by moose diagrams. However, 
by using the construction of Callan, Coleman, Wess, 
and Zumino (CCWZ) 49,50] and related ideas such as 
hidden local symmetry [5TTl5^l5T{]l54] . and AdS/CFT 
correspondence plus deconstruction, they can all be 
converted into moose models. The procedure is to ex- 
tend the global group and its symmetry breaking pat- 
tern to (G x G)/G, with a subgroup F gauged in the 
first G group and a subgroup H gauged in the second 
G group [55] . The gauged subgroups are broken down 
to the SM electroweak group I. This is described in 
Fig. [4] One can easily show that the number of un- 
eaten PNGB's are the same as before. The extra de- 
grees of freedom added in this extension decouple if 
one takes the gauge coupling of the H subgroup to be 
large. In this limit, one recovers exactly the same low 
energy effective theory as the original model, but now 
the new model is described by a moose diagram. 





Fig. 4. The graphical representation of converting a non- 
moose theory into a moose theory 



One can easily apply this procedure to various lit- 
tle Higgs models. After the conversion, one finds that 
many different models can often be represented by 
the same moose diagram in different limits. For ex- 
ample, consider the three-site moose diagram with an 



5(7(3) global symmetry on each site. The whole 5(7(3) 
is gauged at the middle site while at the two boundary 
sites only 5(7(2)[x(7(l)] subgroups are gauged (Fig. [5]). 
The three-site moose model is quite versatile and can 
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Fig. 5. The three-site moose modell 



describe several different-looking models by taking var- 
ious limits. The simple group little Higgs limit is ob- 
tained by taking the gauge couplings of the two 5(7(2)'s 
on the boundaries to infinity. On the other hand, if we 
keep the gauge couplings of the two 517(2) 's finite but 
take the gauge coupling of the middle 5(7 (3) to infin- 
ity, we can integrate out the middle site and reduce 
it to the minimal moose little Higgs model. The Im- 
parity can easily be implemented by taking the gauge 
couplings of the two 5(7(2) 's and the two decay con- 
stants associated with the links equal. Furthermore, it 
can also be a good low energy description of the holo- 
graphic PNGB Higgs model [4"2"ll4"3"] . The holographic 
PNGB Higgs model is based on the AdS/CFT corre- 
spondence. In the AdS description, there is an 5(7(3) 
gauge symmetry in the bulk while only an 5(7(2) is 
gauged on each of the UV and IR branes. By a simple 
deconstruction, we can see that the three-site moose 
gives a good approximation of the first few KK modes 
of this model. The model based on 5(7(3) does not 
have a custodial 5(7(2) symmetry to protect the p pa- 
rameter, but it can easily be fixed by replacing 5(7(3) 
with 50(5). 

Of course, different models have very different UV 
behaviors. The three-site model or any other construc- 
tions based on the idea discussed in this subsection can 
only be the low energy approximations of these vari- 
ous models. However, this construction can be a use- 
ful tool for the phenomenological studies in the LHC 
era [56]. The reason is that the precision electroweak 
constraints indicate that the scale of the strong dy- 
namics may be out of the reach of the LHC, and in 
the case of extra dimensions only a few KK modes 
may be discovered at the LHC at most, so we will only 
be able to test the low energy part of a fundamen- 
tal theory. At low energies (accessible to the LHC), 
most non-SUSY models can be well represented by 
some simple moose models, as moose diagrams are just 
a convenient way to categorize spin-1 and spin-0 de- 
grees of freedom. As we found, many models can even 
be described as various limits of the same moose di- 
agram. Furthermore, this construction also reveals a 
much larger model space for new physics as it interpo- 
lates among various models proposed before. There is 
a continuous distribution of viable models simply by 
changing the parameters of the "unified" model. 
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2.4 Low-energy Effective Lagrangian for a Strongly 
Interacting Light Higgs 

If the scale of the new particles or strong dynamics 
responsible for the composite light Higgs is somewhat 
higher than 1 TeV, they may not be immediately ac- 
cessible and the only particle we see is the light Higgs. 
An important question is how we can test this sce- 
nario and distinguish it from the Standard Model. A 
low-energy effective Lagrangian approach for such a 
strongly-interacting light Higgs (SILH) has been in- 
vestigated by Giudice et al [57]- Some more specific 
results can be obtained beyond the general higher- 
dimensional operator analysis for this class of models. 

The strongly coupled sector can be characterized 
by two parameter, coupling g p (> gsn) and the mass 
scale of the new states (other than the light Higgs) 
from the strong dynamics m p . The symmetry breaking 
scale / is related to them by m p = g p f. Integrating out 
the strong sector, the low-energy effective Lagrangian 
can be expressed in terms of the expansions of H / f and 
d/m p . The resulting higher-dimensional operators can 
be divided into the following two categories: 

— Genuine strong operators, which is sensitive to the 
symmetry breaking scale /; 

— Form factor operators, which is sensitive to the res- 
onance scale m p . 

The genuine strong operators include 



2/2 



c^g' 2 g 2 



16tt 2 / 2 g 2 p 
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(4) 
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General analysis shows that the ch and c y terms are 
the most important ones for the LHC studies of this 
class of models. 



3 Heavy Composite Higgs and No Higgs 
Scenarios 

3.1 Heavy Composite Higgs 

In this scenario, Higgs is a composite field produced 
by some strong dynamics, but there is no symmetry 
to protect the Higgs mass. Therefore, the Higgs mass 
is expected to be heavy, close to the scale of strong 
dynamics, unless some fine-tuning is involved to make 
it light. Some old examples are the top condensate 
model and its variations [551[5M5U1ICT1I^] . 

Recent developments in extra-dimensional theories 
and AdS/CFT correspondence provide a new tool to 
study this kind of models. In particular, the Randall- 
Sundrum model (RSI) [63j gives a calculable extra- 
dimensional dual description of such a scenario with a 
strongly coupled CFT. It is based on a warped extra 
dimension cut off by an UV (Planck) brane and an 
IR (TeV) brane (Fig. |6J). The Higgs field localized at 
(or near) the IR brane is interpreted as a bound state 
of the strongly coupled CFT in the four-dimensional 
picture. 



The first two terms are fixed by the cr-model structure 
and the last two terms come from both the cr-model 
structure and the resonances at m p . The second term 
contributes to the T-parameter and represents the cus- 
todial SU (2) breaking effect. It is strongly constrained 
experimentally and can be suppressed by the presence 
of a custodial SU(2) symmetry of the strong sector. It 
can hence be ignored for most reasonable models. The 
first term rescales the Higgs kinetic term after sub- 
stituting the Higgs by its vev. It modifies the Higgs 
coupling to the SM fields. As a result, unitarity is not 
exactly restored by the Higgs along but also the heavy 
resonances in the strong sector. This provides a model- 
independent test of the compositcness nature of the 
Higgs field. 

Form factor operators involving the Higgs and the 
gauge fields at dimension-6 are 
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Fig. 6. The Randall-Sundrum model with an warped extra 
dimension. 



To satisfy the electroweak precision constraints and 
to address fermion mass hierarchies, it is favorable to 
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have gauge fields propagating in the bulk too [64]. To 
protect the p parameter the CFT should contain the 
custodial symmetry, which implies that we need to 
have the SU(2)l x SU(2) r gauge group in the bulk. 
SM fermion masses may be explained by the localiza- 
tions of the fermions. Light generations are localized 
towards the UV brane so that they have small over- 
laps with the Higgs. In the 4-dimensional picture this 
means that they are (mostly) fundamental fields. The 
top quark should be localized near the IR brane to 
accommodate the large top Yukawa coupling. In the 
4-dimensional picture this means that top quark is a 
(partially) composite state from the strongly coupled 
CFT. 



3.2 No Higgs Scenario 

If electroweak symmetry is broken by strong dynam- 
ics, it is also possible that there is no Higgs particle 
and the longitudinal WW scattering is unitarized by 
some other states. Technicolor theories are the origi- 
nal models without the Higgs [67>I6~6"|. The longitudi- 
nal WW scattering is unitarized by some resonances 
such as techni-rhos in these models. Because of the 
strong dynamics, it is difficult to make precise predic- 
tions in these models, though naive estimates extrapo- 
lating from QCD make these models disfavored by the 
electroweak precision constraints. 

Similar to the composite Higgs scenario, the warped 
extra dimensions and AdS/CFT correspondence al- 
lows an alternative and calculable description of cer- 
tain Higgsless models [6Tll68j . The setup is similar to 
RSI with gauge field in the bulk, except that there is 
no Higgs field. Electroweak symmetry is broken by the 
combination of the boundary conditions at UV and IR 
branes (Fig. [7]). In this picture, the longitudinal WW 
scattering is unitarized by the KK gauge bosons of the 
SM gauge fields. 

5D Higgsless Model in Warped Space 

Planck TeV 



SU(2)xSU(2}x V{1\ 
AdS 5 



SU(2) k x U{l^-» U(l\ SU(2) x SU(2)— SU(2) d 

Fig. 7. The 5D Higgsless model in warped space 

This model can also be viewed as a limit of taking 
the vev of the Higgs localized on the IR brane to infin- 
ity in the RSI scenario. From this point of view, there 
can also be models which interpolating between the 
heavy Higgs and Higgsless scenarios. There will be a 



Higgs boson in these interpolating models, but its cou- 
plings to W and Z gauge bosons are suppressed [13] ■ 
The unitarization of the longitudinal WW scattering 
is shared by the Higgs boson and the KK gauge bosons. 

3.3 Electroweak Constraints 

As we discussed before, electroweak precision data pro- 
vide strong constraints on any new physics at the TeV 
scale, including the heavy composite Higgs and Hig- 
gsless models. The strongest constraints come from 
the S, T parameters, four-fermion interactions and 
Z — > bb vertex corrections. Because we have the cal- 
culable 5D pictures for these models, their corrections 
to the electroweak observables can be calculated re- 
liably. Contribution to the T parameter can be sup- 
pressed by including a custodial symmetry (i.e., gaug- 
ing SU(2) L x SU(2) R in the 5D dual description). 
Contribution to the S parameter is positive if the SM 
fermions are localized on the UV brane, in agreement 
with the estimates in Technicolor theories. To satisfy 
the constraint on the S parameter, there are a couple 
possibilities. 

— If there is a Higgs boson, one can raise the KK 
gauge boson masses (the compositeness scale) at 
the expense of more fine-tuning. 

— In Higgsless models, the KK gauge bosons have 
to be around 1 TeV because they are responsible 
for unitarizing the WlWl scattering. One can re- 
duce their couplings to the light generations of SM 
fermions by choosing a near-flat profile in the bulk 
for the light fermions. 

These solutions also alleviate the constraints on 4- 
fermion interactions. However, to have large enough 
top quark mass, top quark needs to be near the IR 
brane. In the traditional embedding of the left-handed 
top-bottom doublet, (f i; b L ) ~ (2, 1) under SU(2) L x 
SU{2)r, (£l, 6l) mixes with KK states transforming 
as (1, 2), which induces large corrections to Z — > bb. 
This problem can be solved by choosing a different em- 
bedding, {ti,, bi) ~ (2, 2) with a custodial symmetry 
SU(2) L x SU(2) R x P LR [70]. 

3.4 Deconstruction 

Similar to the light Higgs scenario, at energy scales 
accessible to the LHC, the heavy Higgs and Higgsless 
models can be approximated by deconstruction with 
only a few sites. Such deconstructions are useful for 
LHC phenomenology studies as the prototype mod- 
els for a generic class of models. They have been con- 
structed for both heavy composite Higgs models [7T] 
and Higgsless models |72) . 



4 Conclusions 

Recent new ideas such as extra dimensions, AdS/CFT 
correspondence, and collective symmetry breaking have 
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provided us many new tools for model building. As 
a result, many new models of electroweak symmetry 
breaking have been constructed, including little Higgs, 
heavy composite Higgs, and Higgsless models. Although 
different names suggest different ideas and emphases, 
the model space is actually continuous and there are 
models which interpolating among various scenarios. 
The new theoretical developments also allow us to have 
a new and uniform way to understand and implement 
many old ideas scattered at various places. 

Among the large number of new models alternative 
to SUSY appeared recently, it is hard to argue that any 
particular model stands out as the most probable one 
for new physics at the TeV scale. A major reason is due 
to the electroweak precision data. To satisfy the strong 
electroweak constraints, one often needs to trade be- 
tween fine-tuning and excessive model-building. The 
models often end up quite complicated if one tries to 
avoid any tuning. The situation can be schematically 
represented in Fig. [8l The horizontal axis represents 
the amount of tuning in model parameters required 
and the vertical axis represents the complexity of the 
models. There is no simple model without any tuning 
remaining in the valid model space. 



Complexity 
of models 



Fine-tuning in parameters 
Fig. 8. Tuning vs complexity in beyond SM model space 

Given so many as good (or bad) models, it is highly 
desirable to have some unified approaches to them. 
This is made possible by effective Lagrangians and 
moose diagrams. Most of these new models predicts 
new vector particles (KK gauge bosons or techni-rhos) 
and new fermions associated with the third generation 
SM fermions. They can be easily represented by some 
moose diagrams. If such new states are discovered at 
the LHC, constructing a moose model can be a first 
step towards uncovering the underlying theory. 
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